Introduction
Many chemical sensors rely on a sorbent material to collect and concentrate analyte molecules at the sensor' s surface where they can be Ideally, this sorbent material will impart the chemical sensor with both sensitivity and selectivity for the target species. If the sensor is to be reversible, then the species must also desorb from the material or be actively removed by some process such as catalytic destruction. Polymer materials offer many attractive features for chemical sensing. Organic compounds are readily sorbed in a reversible fashion, selectivity can be altered by varying the chemical structure, and polymer materials can be processed into thin films.
In this paper, we will discuss the factors that govern the sorption of vapors by organic polymers. The approach described has been applied in the past for the design and selection of polymers for acoustic wave sensors. 1-6 However, the principles apply equally well to the sorption of vapors by polymers used on optical chemical sensors. For example, the polymer could be applied as a thin film to a planar waveguide, as the cladding along the length of an optical fiber, or to the end of an optical fiber. Species sorbed into the polymer could then be detected by a change in an optical signal.
Absorption and the Partition Coefficient
In this paper, we will focus on absorption of vapors into the bulk of polymer materials. This is to be distinguished from adsorption, where the sorbed species resides only on the surface of a material. Absorption is dependent on the strengths of various fundamental interactions between the absorbed species and the sorbent material, and can be modeled using solubility concepts.
The thermodynamic measure of the equilibrium distribution of a vapor between the gas phase and a sorbent polymer phase is given by the partition coefficient, K: K = Cs/Cv (1) As shown in Figure 1 , Cs represents the concentration of the vapor absorbed in the polymer, and Cv represents the concentration of the vapor in the gas phase. Since a chemical sensor's response to a given gas phase vapor concentration depends on the amount of vapor sorbed by the sorbent polymer, the goal in creating a sensitive chemical sensor is to design or select a polymer with a favorable partition coefficient for the vapor of interest. This principle can be shown more explicitly in equations 2-4:
Equation 2 corresponds to a typical laboratory experiment where the analytical signal, Q, ofthe sensor is measured in response to the test gas phase vapor concentration. However, the sensor' s response is 
Solubiity Model for Absorption
The absorption process involves the initial adsorption of vapor molecules on the polymer surface, followed by dissolution of the adsorbed molecules into the bulk of the polymer. Therefore, the vapor can be regarded as the solute, and the sorbent polymer as the solvent. The dissolution process can be examined in terms of three conceptual steps. A cavity must form in Table 1 . Specifically, R2 is a calculated excess molar refraction parameter that provides a quantitative indication of polarizable n-and tr8 i4 measures the ability of a molecule to stabilize a neighboring charge or and measure effective hydrogen-bond acidity and basicity, respectively;7 and L16 is the gas-liquid partition coefficient of the solute on hexadecane at 25°C (determined by gas-liquid chromatography).1° (L is the symbol for the Ostwald solubility coefficient, which is defined identically to the partition coefficient For illustrative purposes, we have selected a set of siloxane polymers for consideration. The sorbent properties of siloxane materials can be varied by the particular organic functional groups pendant to the chain, while the polymer backbone remains constant.
Siloxane polymers are usually elastomeric which provides rapid and reversible vapor sorption. In addition, polysiloxanes are already in use on optical fibers: polydimethylsiloxane is a well-known fiber optic cladding material. The structures of the five polysiloxanes we will discuss are shown in Figure 2 . The LSER coefficients for these polymers are given in Table 2 .
The first polymer in Table 2 , SXFA, has pendant hexafluoroisopropanol groups. These groups result in strong hydrogen-bond acidity, as indicated by the large b-coefficient. By contrast, the pendant aminopyridyl groups of SXPYR result in strong hydrogen-bond basicity, as indicated by the large acoefficient. These groups are also dipolar, resulting in a large s-coefficient. SXCN is also basic and dipolar as a result of the pendant nitrile groups. Many organic functional groups are both dipolar and basic. Nitrile groups represent strong dipolarity with only moderate basicity. Hence, the a-coefficient of SXCN is only about half that of SXPYR. 0V202 is a well-known chromatographic stationary phase with trifluoropropyl groups. This phase provides moderate dipolarity without significant basicity (moderate s-coefficient and small a-coefficient). The last polymer, 0V25, is also a chromatographic stationary phase. It is a nonpolar phase whose pendant phenyl groups afford a polarizability that is greater than that of simple polydimethylsiloxane. Polarizability is indicated by the positive r-coefficient and moderate s-coefficient.
The individual interaction terms for each of five vapors on each of the five polymers have been calculated and these are listed in Table 3 . These calculations show which interactions are most important between particular vapor/polymer pairs. Isooctane is a nonpolar hydrocarbon capable only of dispersion interactions. On all polymers the only non-zero interaction term for isooctane is the 1 log 1 6 term. Dispersion interactions play an important role in the sorption of all vapors and the 1 log 1 6 term is significant for all vapor/polymer pairs. Trichioroethene is more polarizable and dipolar than isooctane; as a result, the s term becomes significant depending on the dipolarity and polarizability of the polymer. 
Sensing Basic Vapors
We are particularly interested in the detection of basic vapors such as organophosphates. From the The partition coefficient for triethyl phosphate/SXFA is the largest in Table 3 . Two major factors contribute to this. First, triethyl phosphate has a larger log 16 value than any of the other vapors. This results in large partition coefficients on all the polymers. Second, triethyl phosphate is a particularly strong hydrogen-bond base, and SXFA is a particularly strong hydrogen-bond acid. This results in very strong hydrogen-bonding. The partition coefficient of triethyl phosphate on SXFA is three orders of magnitude greater than its partition coefficient on any of the nonhydrogen-bond acidic polymers.
We are currently developing fiber optic sensors where the cladding serves as a sorbent layer to collect and concentrate analyte vapors. These sorbed vapors will be detected and identified spectroscopically. Solubility models are being used as described above to guide the design of polymeric cladding materials for particular vapors.
